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Moti%ation
( )eutral B mesons are able to 

transform between particle and
anti-particle states - Mixing.

( <he rate of mixing is go%erned
b> the mass difference 
between mass eigenstates.

( Pre%ious mixing results@

( Kaons@  BPV in weak sectorE

( !md@  top mass hea%> FGG mHIE

( )eutrinos - MassJ

( )ew Ph>sics can show up in BS processes.  
)eed mixing anal>sis for completeness.
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C"# Triangle

• !.d 0 1 V3
tb Vtd 16 " 78C9:

• #any o= the sa.e 8C9
@ara.eters a@@ear in !.sA

• !.s B !.d ∝ 1 Vts B Vtd 16 

• ClloDs deter.ination o=  
Vtd Dith higher @recisionA
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Tevatron Luminosity

01cellent 4er5ormance 5rom Tevatron.
15b-1 integrated luminosity used in <i1ing analysis.

=4ecial thanks to @A Bnline and B5!ine 4ersonnel:
Turnaround <E months 5rom data collection to PGL submission.

Tevatron: 
Proton anti-Proton collider.
!s H 1.9J TeK

Peak instantaneous 
Luminosity:
 1LM " 10E0 cm-Ms-1

Overage data taking 
e5"ciency P QRS over 
Gun TTa.
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!"e DØ Dete(tor

• , -./er 0uo2 s/ste0 4it" l.r7e 8!8 (o9er.7e.

• -i;ui< =r7o2>?r.2iu0 (.lori0eter .2< @res"o4er.

• Aili(o2 .2< Bre tr.(Ci27 9olu0es e2(lose< 4it"i2 2! 
0.72eti( el<.

• -./er E i2st.lle< for Ru2 HHB I i0@ro9e0e2t i2 9erteJ 
resolutio2.

Aee -. Ke.lt/IRie7erLs !.lC for <et.ile< <es(ri@tio2. Fri. ENO2E
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µ+
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µ (e)

X
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B

B̄0
s ↔ B0

s

!na$%sis )ut$ine

)pposite /ide 1econstructed /ide 

4 /e$ect e5ents from the deca% 9s ! Ds ",  Ds! #!,

4 <dentif% deca% !a5our =from charge of reconstructed muon?,

4 Tag initia$ !a5our =from opposite side 9-hadron?,

4 Determine trans5erse deca% $ength  LT,

4 Measure VisiE$e Proper Deca% Length =VPDL?, 

4 ComEine parameters in an unEinned $ike$ihood "t.

J



!"#n%& !(&()*"+n
, !(&()* (-(n*. /"*0 

% 1u+n3

, 4"n5 */+ +66+."*(&7 )0%8#(5
*8%)9. "n .%1( :(*; /"*0 % 
)+11+n -(8*(< %n5 
1%.. )+16%*"b&( /"*0 % !3

, >+1b"n( /"*0 *0"85 *8%)9;  +66+."*( )0%8#( *+ 1u+n %n5 
)+1b"n(5 -(8*(< /"*0 9%+n.3  I16%)* 6%8%1(*(8 )u*. 
%66&"(53

, >+n.*8u)* " D. -(8*(<; /"*0 "n-%8"%n* 1%.. )+n.*8%"n*.3

1B

µ+

ν

π−

K+

K−

µ (e)

X

Ds
B

B̄0
s ↔ B0

s



!"#$%"&''()*+,-."',

//

0 1234'5$)6"7,"!-8,-$)9".&)
:$.)';)(":-4"2",8.",7)
584"8<%$:=
>$%"-".?)@8,7%$)<$.9$$,)A:)8,()KCD
EF)@KKCD)2@KKCD
2@!A6CD
1:'%8."',D
"G)';)A6)5$4.$H)!.=

0 6"7,8%)8,()I8-#74'+,()
EA*:).8#$,);4'2)(8.8=

0 J33%?)-+.)',)-'2<",$()
%"#$%"&''()48."'=



!"#$%%&' )$mp,&

12

] [GeV
!(!!)

"

)
E

v
e
n

ts
/(

0
.0

1
 G

e
V

0

2000

4000

6000
(a)

D Run II 1 fb"1

1.8 1.9 2.0

/)0 21,710 5 610

/50 7,722 5 281

)&,&9#&' &:&"#s <=>m 
?"#$%%&' s$mp,&.

A$?ssB$"s <>= sB%"$,,
CDp>"&"#B$, E$9F%=>?"'.



µ+

ν

π−

K+

K−

µ (e)

X

Ds
B

B̄0
s ↔ B0

s

!"#$e" De(a* +en-t/ 
0 Due t# n#n2"e(#nst"u(te4 $a"t5(6es 5n event 

(an 8easu"e t/e V5s5b6e !"#$e" De(a* +en-t/.

0 Int"#4u(e =2fa(t#"? 
4ete"85ne4 f"#8 @A
t# (#""e(t f#" b5as.

0 !"#$e" De(a* +en-t/B 
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K-#actors

1+

• K-#actor distributions for 
different decay modes.

To reduce error separate K-#actor 
distributions in to different ! D; 
mass bins.
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!nitia& State F&a+our Ta00in0

• 2econstructed muon pro+ides a+our at 
time of decay.

• ;arder to identify a+our at production.

• <s b b pairs produced at production> use 
opposite side of t?e e+ent to determine 
initia& a+our.

• @ptimise Ait? different 
ta00in0 met?ods.

1C

@pposite Side 2econstructed Side 
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Flavour Tagging Variables

• If muon (or electron) is found:

Use muon (e) Jet Charge:

16

Within cone !R < 0.5 around muon
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Flavour Tagging Variables

• Secondary Vertex:

SV Charge:
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Combined Flavour Tagging

• Use Likelihood ratio method:

19

Purity increases with 
larger |d|.

d>0 Tagged as b,

d<0 Tagged as b.
-
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!i#elihood *it ,nputs

• 2ignal5

• !i#elihood function ta#es 89D! and error,
=ass of Ds and  predicted dilution.

• ,ncludes contributions fro= all signal processes.

• @ac#ground5

• 9ro=pt AccB contribution,

• @ac#ground fro= secondary vertices,

• !ongElived, eFponential ⊗ resolution.
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P (n)osc

s (xM , σxM , dpr) =

∫ Kmax

Kmin

D(K)dK · Eff(xM )

N

∫
∞

0

dxG(x − xM , σxM ) · p(n)osc

s (x, K, dpr)

fi = P xM

(xM , σxM , dpr) · P σ
xM · P dpr · Pm(φπ)−2

∑
i

lnfi



!ross-!hec): Bd

• Am1litude scan for Bd 
oscillations.

• !md =0.<06 ± 0.020 (stat) 1s-1.

• ! = (1C.C ± 0.2 (stat) ) D 

• !D2 = (2.48 ± 0.21(stat) ) D 
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Ensemble Tests
• Just how likely is this?

• Build Toy MC model incorporating resolution, K-Factors etc.

• !ms<16 ps-1 has been previously experimentally excluded.

• No sensitivity above 22 ps-1.

• Probability to observe !log(L)>1.7 (as found from this 
measurement) in range 16<!ms<22 ps-1:

• Simulate !ms = " by randomising avour tagging sign.
Probability is 5% (with systematics) (from data).

• With !ms = 19 ps-1,  probability ~15%  (from MC).
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Summary
• First direct two-sided bound for !ms, with a 

• 90% CL. for the range 17 < !ms < 21ps-1.

• 2.5 ! deviation from amplitude of 0 at 19 ps-1.

• Has been accepted by PRL.

• Analyses in progress:

• More semileptonic decay modes (K*K, Dse),

• Hadronic modes,

• Same-Side Tagging methods.

• Upgraded Detector for Run IIb.

• Tevatron to provide more exciting results.
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CKM Fitter Results
• Before DØ result.

28



CKM Fitter Results
• With DØ result.
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Sideband Region
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Eff. Dependence on VPDL

34

Taken from MC, cross-checked and tuned using data.



Dilution

!p#

$s&'()*! )(,,-., m0&.s 1*'*2)#&.s3

45 60. $$ 7#*'-m-.(#8

Dilution enters into Likelihood !t in an event by event 
basis.



Lifetime Fit

• Lifetime measurement does not directly in!uence lifetime oscillation 
measurement.

• Trigger Biases have been studied.  Different efciency models used.

• c! = 404 - 416 µm.  Stat. error ~10 µm.  (HFAG: c! ~ 438±12 µm.)
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Resolution Tuning

• Double Gaussian !t to J/! proper decay length.

• Resolution scale factor is 1.0 for 72% of events, 1.8 for 
other 28%
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!ertex 'esolution

./

0etermined from vertex tting procedure



Systematic Uncertainties
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